The study aims to demonstrate a possible link between bacterial cell metabolism and virulence 10 by combining the metabolic mechanisms of the gram-negative bacteria, Escherichia coli. 11
carboxylase modify the composition of fatty acids and monitor the rate of production. The four 72 genes also monitor the overexpression of ACCase by inserting one of the four subunits, 73 activating antisense RNA expression [9] . The acetyl-CoA carboxylase hydrolyzes glucose into 74 SCFAs and catalyzes the biosynthesis of LCFAs. The SCFAs include propionate, acetate, and 75 butyrate. The SCFAs are hydrophilic, soluble, and readily absorbed into the bloodstream. Many 76 of the body's major organ systems such as the nervous system, skeletal-muscle system, and 77 tissues catabolize acetate. Propionate decreases the liver's production of cholesterol through the 78 liver's ability to efficiently decay and clear propionate, which blocks the synthesis of propionate. 79
The SCFAs initiate apoptosis [3] . The fermentation of glucose that produces SCFAs also 80 constrains the development of disease-causing organisms by decreasing the luminal and fecal pH 81 [3] . The SCFAs lessen the pH by decreasing the expression of unfavorable bacterial enzymes, 82 which reduce peptide degradation through the production of ammonia, amines, and phenolic 83 compounds [3] . The long-chain fatty acids are synthesized after the acetyl-CoA transferase, the 84 alpha subunit of ACCase or the ACCA subunit transfers a carboxyl group to acetyl-CoA, 85 producing malonyl-CoA, which catalyzes the elongation of the LCFAs. The LCFAs become 86 structured into the bacterial cell-matrix and the plasma membrane. The bacteria cells grow into 87 large populations, forcing biofilm formation, which induces a quorum-sensing response. 88
Bacterial cells communicate through an intercellular process called quorum sensing. 89
Quorum sensing is a type of communication between bacterial cells that occurs through the 90 release of small signaling molecules called autoinducers. Releasing the autoinducers regulates 91 the aggregation of cells and monitors genetic expression. Lux-S is a gene that induces the release 92 of autoinducer-2, which is a homoserine lactone signal for quorum sensing. The autoinducers of 93 gram-negative bacteria consist of homoserine lactones versus gram-positive bacteria that release 94 oligopeptides [7] . Amplified Lux-S expression increases the release of autoinducer-2, intensifies 95 quorum sensing, and produces more biofilm for spreading pathogenic bacteria. An increased 96 release of quorum-sensing signals produces more biofilm, which is needed for rapid motility and 97 the spreading of infection. The production of biofilm induces resistance to antimicrobial 98 peptides. Biofilm maintains an intensive resistance to antibiotics as multi-drug resistant pumps 99 utilize biofilms for excreting antibiotics from bacteria. Mutations present in genes that are a part 100 of the metabolic pathway cause bacteria to become more susceptible to antibiotic exposure. 101 Therefore, targeting metabolic genes such as CbrAB, which regulate cell metabolism, connects 102 cell metabolic processes with antibiotic resistance [10] . For example, inhibiting the gene called 103
Crc lowers the growth rate of bacteria along with providing a higher susceptibility to antibiotics 104 [10] . A mutation in the LasR gene, which generates quorum-sensing signals, also increases 105 antibiotic resistance in P. aeruginosa. Mutations of metabolic genes in S. aureus upregulate 106 glycolysis and fermentation, which removes the bacterial response of antibiotic resistance. 107
The three phases that occur after bacterial horizontal gene transfer include: 1) the 108 antibiotic genes received during conjugation code for the creation of efflux pumps; 2) the 109 antibiotic-resistant genes are enclosed within the pro-antibiotic genes, which impede antibiotic 110 drugs attaching to the antibiotic gene target sites; and 3) the antibiotic-resistant genes can direct 111 the ubiquitous destruction of antibiotic drugs through hydrolysis [11] . In a study by Peng et al. 112 (2015) , bacteria cultured without glucose or the non-polar amino acid of alanine were less 113 susceptible to kanamycin, an antibiotic. Only 9.5 ng/mL of the kanamycin was absorbed; 114 however, adding alanine and glucose to the cultures increased the uptake of kanamycin to 65-123 115 ng/mL and then to 113-231 ng/mL [12] . Yu Bin Shu et al. (2018) performed a Michaelis-Menten 116 kinetics experiment using multi-drug efflux pumps while adding glutamate and acetate to growths of Escherichia coli [13] . They confirmed that the Escherichia coli cells were more 118 sensitive to gentamicin, an antibiotic. Therefore, a link between cell metabolism and bacterial 119 virulence may exist. We do not completely understand the exact mechanism that connects cell 120 metabolism with the bacterial pathogenesis that causes antibiotic resistance. The author suggests 121 that blocking the enzymatic activity of acetyl-CoA carboxylase may represent a potential aim for 122 eliminating antibiotic resistance. 123
For that reason, the effects of extracellular nutrient availability on bacterial gene 124 expression were tested in this study. The concentration of glucose in LB broth media was altered, 125 and then RNA was extracted to test the yield of the gene expression of Escherichia coli. To study 126 the intracellular process, the gene expression of accA, a subunit of the acetyl-CoA carboxylase 127 enzyme, was quantified via real-time PCR. The ACCase complex is an important enzyme for the 128 first step in the fatty acid synthesis. The ACCA subunit, one of the four subunits, is a carboxyl 129 transferase that transfers a carboxyl group to an acetyl-CoA, producing the malonyl-CoA. The 130 malonyl-CoA initiates the lipid synthesis needed for constructing cell membranes and biofilm 131 formation. The ACCase enzyme converts pyruvate to the fatty acids called butyrate, propionate, 132 and acetate. To quantify the activity of ACCase, a part of the intracellular metabolism, the 133 concentration of the gene accA was measured after exposure to glucose conjoined with antisense 134
RNA inhibition. 135
To measure the effects of genetic inhibition of the intracellular metabolic processes, accA 136 was suppressed and the RNA concentrations recorded. The original bacterial protocell constrains 137 foreign and movable DNA through the transcription of antisense RNA, which is complementary 138 to its specific DNA target sequence [14] . The asRNAs bind to the sequences flanking the 139 ribosome-binding site and the start codon of the target mRNAs [15] . The antisense RNA blocks the ribosomal detection by the RBS inhibiting translation [15] . In this study, antisense RNA 141 obtains amplification through the PCR of an antisense DNA sequence. The DNA sequence 142 converts to an antisense sequence when the DNA is flanked with Xho1 and Nco1 restriction 143 sites. The PCR product was implanted into the PHN1257 plasmid through ligation (Fig 1) . In 144 addition, Escherichia coli cells were converted into antisense expressing bacteria after 145 transforming the competent bacteria cells with the recombinant IPTG-PT-asRNA plasmid called 146 PHN1257. RNA extraction isolated the total RNA from the transformed cells, and the RNA was 147 reverse transcribed into the cDNA for Real-Time PCR analysis to determine the number of gene 148 copies for accA. 149 The initial primer/RNA mix consisted of 1µg of total RNA, 1µL of oligo(dt), 1µL of dNTP 204 (10mM) mix, and nuclease-free water for a 20µL reaction solution. The mixture was heated to 205 65°C for 5 minutes and then incubated on ice for 1 minute. The reaction mixture of 4µL 5X RT 206 buffer, 0.5µL of RNaseOFF, and 1µL OneScript RTase was added to the initial primer/RNA mix 207 in a 2µL microcentrifuge tube. The cDNA was synthesized by incubating the tube for 50 minutes 208 at 42°C. The reaction was stopped at 85°C for 5 minutes and chilled on ice. The cDNA was 209 stored at -20°C. 210
PCR 212
A Promega PCR MasterMix volume of 25µL was added to the upstream and downstream 213 primers each of 0.5µL specific for the accA gene target. The concentrations of the two cDNA 214 samples added to the PCR master mix were 190ng and 230ng plus nuclease-free water. A 2X and 215 1X upstream primer, 10µM 0.5-5.0µl0.1-1.0µM, and a downstream primer, 10µM 0.5-5.0µl 216 0.1-1.0µM, DNA template 1-5µl less than 250ng, and nuclease-free water were mixed into a 217 50µl PCR reaction mixture. The thermocycler was set to denaturation of a 2-minute initial 218 denaturation step at 95°C. Other subsequent denaturation steps were between 30 seconds and 1 219 minute. The annealing step was optimized with annealing conditions by performing the reaction 220 starting approximately 5°C below the calculated melting temperature of the primers and 221 increasing the temperature in increments of 1°C to the annealing temperature. The annealing step 222 was set at 30 seconds to 1 minute in 52°C. For the extension reaction with Taq polymerase, there 223 was 1 minute allowed for DNA to be amplified at 72°C with a final extension of 5 minutes at 224 72-74°C. The PCR thermocycler completed 40 cycles of amplification instead of 35 cycles. 225
AGAROSE GEL ELECTROPHORESIS AND PLASMID ASSEMBLY 226
The condition of the PCR products, without primer dimers and contamination, for the 227 target gene accA, were detected through agarose gel electrophoresis. The PCR products were 228 confirmed without primer dimers and contamination, the PCR products, and the PTasRNA 229 expression vector of the plasmid PHN1257 were digested with the restriction enzymes XhoI 230 (upstream) and NcoI (downstream) (New England Biolabs XhoI-catalog R0146S-1,000 units 231 and NcoI-catalog R0193S-1,000 units) ( Fig, 1 ). Each microcentrifuge tube was placed in the 232 incubator for 30 minutes at 37°C. A heat block was heated to 90°C. The PCR products of the 233 accA gene were ligated into the PHN1257 plasmid by mixing 1µL of the DNA insert with 2µL 234 of the plasmids, adding 5µL of ligation mix, and then placing the tubes into a heat block of 90°C 235 for 15 minutes (Takara Ligation Kit 6023). Competent bacterial cells were transformed with the 236 PHN1257plasmid plus the antisense DNA insert of accA, for expressing (+) asRNA and (-) 237 asRNA, which is the control. The competent cells were incubated with the recombinant DNA for 238 45 minutes at 37oC. 239
REAL-TIME PCR 240
The author enhanced each bacterial sample with the glucose concentrations of 15mM, showed significant variability (Fig 2) . Comparing 200 µM to its control group, the difference 320 between the samples was statistically significant (p=0.038). The cells grown in 200µM yielded a 321 more significant and larger production of dsDNA than cells cultured as a control. After loading a 322 96-well plate for qPCR with 8-fold dilution standards of each sample, the standards of each 323 sample were used to calculate a standard curve (Fig 2) . The restriction enzyme NcoI was added to the reverse primer for accA. Through PCR 366 amplification, the PCR products were composed of antisense DNA for the accA gene. The PCR 367 product would be inverted when inserted into the IPTG-PT-asRNA inducible PHN1257 plasmid, 368 forming recombinant DNA plasmids for asRNA transcription in vitro. The plasmids with 369 recombinant antisense DNA were transformed into bacterial competent cells for qPCR analysis 370 of the accA gene. The primers for the Lux-S gene were applied to quantify the number of gene 371 copies from qPCR analysis for cells grown in glucose enhanced samples. The primers for the 372 accA gene were used for the quantification of the accA gene from the samples cultured with an 373 increasing gradient of glucose solutions. 374
The total RNA concentration for the control, (-) asRNA, equaled 739.44 ng/µL. The 375 control, (-) asRNA, yielded a miRNA concentration of 334.98 ng/µL (Fig 4) . The RNA 376 concentration for transformed bacterial cells with the asRNA of accA PHN1257plasmid was 377 279.28ng/µL. The miRNA concentration of the cells with asRNA measured to 240.90 ng/µL (Fig  378   3 ). The gene of accA was successfully suppressed by asRNA in vitro with 63 gene copies, qPCR 379 measured for bacteria cells (n=3) transformed with the recombinant antisense PHN1257 plasmid 380 DNA (37.8 ± 35.6). The real-time PCR results for the bacterial cells without the antisense gene 381 target and insert yielded 421.69 ng/µL for accA (Fig 4) . There was a 147 % difference between 382 cells not expressing asRNA versus cells transcribing the asRNA for accA (p=0.027). Inhibiting 383 or lessening ACCase activity limits the synthesis of lipids, causing many physical changes. 384
Antisense RNA expression can modify the consistency of fatty acids by upregulating the 385 production of the ACCase enzyme [24] . 386 transfers a carboxyl group to acetyl-CoA converting into malonyl-CoA, which then enters the 424 fatty acid elongation cycle. The fatty acid cycle synthesizes long chains of fatty acids for the 425 formation of the bacterial plasma membranes and a thin-layered matrix for initial bacterial 426 attachment to a biotic or abiotic surface. After bacteria attach to a surface, more growth occurs 427 until a microcolony of bacterial cells form. In addition, the gene accA codes for the subunit of 428 the Acetyl-CoA Carboxylase complex. Acetyl-CoA carboxylase (ACC) initiates the first step of 429 the fatty acid synthesis. An acyl-group or an ACP is added to the malonyl-CoA and converted 430 into a ketoacyl-ACP. The Beta-ketoacyl-ACP is reduced, gains a hydrogen, into Beta-431 hydroxyacyl-ACP. The Beta-hydroxyacyl-ACP is dehydrated, losing a molecule of water, to 432 alter into an Enoyl-ACP, which forms into an Acyl-ACP by gaining 2 hydrogen protons. 433 For synthesis of each SCFA, glucose is hydrolyzed into 2 molecules of pyruvate, which then lose 436 a hydrogen, forming Acetyl Coenzyme A. For butyrate the Acetyl coenzyme A loses a water, 437 forming B-hydroxy butyryl CoA, where it loses a hydrogen and the CoA is replaced with a 438
Phosphate, the phosphate is removed. After the phosphate is removed, butyrate is formed. 439
Acetate forms when the CoA in Acetyl Coenzyme A is replaced with a phosphate group, and 440 then the phosphate is added to an ADP to make ATP. Propionate can be formed when lactate 441 loses an oxygen, giving Acryloyl-CoA, converted into Propionyl-CoA, which the CoA is 442 replaced with a phosphate, and then removed by a kinase, to produce propionate. 443
QUANTIFICATION OF LUX-S GENE EXPRESSION 444
The gene accA is a component of the ACCA subunit of the ACCase complex, which 445 functions as a transferase. The ACCA subdomain of ACCase is vital for catalyzing fatty acid 446 synthesis. Lipid biosynthesis is responsible for increased quorum sensing and biofilm formation. Lux-S, respectively (Fig 4) . The control samples, the (-) glucose-(-) asRNA, (n=3, 658,114 ± 476 483,499) and the 5µM glucose-(+) asRNA (n=3, 171571±204574) exhibited the highest amount 477 of expression for Lux-S with a p<0.05 (p=0.025) ( Fig 5-6 ). An ANOVA analysis of the qPCR 478 gene copies for the Lux-S gene is displayed in Table 3 . 479 Table 3 ANOVA results for the total experimental sample for quantifying gene copies 519 through qPCR. 520 521 transcribed DNA at an amplified rate (Fig 7) . As the glucose concentration increased to 50 µM 539 the rate of transcription reached a sustained equilibrium with no new nucleic acid production or 540 activity as the concentration approached 200 µM. The samples expressing asRNA inhibition of 541 accA (n=4) produced 16% of the total yield of nucleic acid. Samples not expressing asRNA 542 inhibition (n=20), yielded 83% of the total (n=24) quantity of nucleic acid. Lux-S gene is mutated with less expression, the biofilm is thinner, looser, and displaying an 556 appearance of bacterial cells with defects. Lux-S works to form a thicker and more viscous 557 biofilm, which is a result of many nucleic acids released into the extracellular matrix of the 558 biofilm. 559 The ample amounts of DNA are released to maintain a more solid macromolecular matrix 571 and consistency of the biofilm [30] . Lux-S is required for AI-2 production and for regulating 572 gene expression in the early-log-growth phase. Pathogenic bacteria depend on biofilm formation 573 to attach to epithelial cells and tissues, spreading infectious diseases. Pathogenic bacteria infect 574 host cells by accumulating AI-2, exogenously, which then increases the amount and consistency 575 of the formation of biofilm (31). The gene Lux-S codes for the flagella complex, biofilm 576 creation, and controls virulent factors. The Lux-S gene, when it is more expressed, causes the 577 spread of virulent bacteria through increasing the motility and movement of pathogenic bacteria. 578
More Lux-S expression, as a result of mutations in the Lux-S gene, produces increased amounts 579 of biofilm, assisting pathogenic bacteria to invade the mucosal layers and the epithelial cells of 580 its host, developing into a systemic infection. 581
The autoinducer-2, which accumulates, monitors cell growth by permitting bacterial cells 582 to sense the excess AI-2 and then terminate population growth. The excess AI-2 distributes 583 quorum signals between bacterial cells, which notifies cells of limited nutrients, surface area, or 584
space. An enzyme called an autoinducer synthase or Lux I produce a hormone class of acyl-585 homoserine lactones, AHL, which is the autoinducer 3OC6-homoserine lactone. The AHL binds 586 to the autoinducer receptor called Lux-R for initiating a transcriptional activator of DNA [27] . 587
After AHL is produced, it passes through the cell's plasma membrane as the number of bacterial 588 cells increase, and then it stops diffusing after cell density reaches a threshold. When the AHL is 589 attached to the LuxR complex, the operon is activated, transcribing the genes that code for the 590 enzyme luciferase [27] . The LuxR-AHL bond releases, into the periphery of the cell, high levels 591
of quorum sensing molecules that stimulate the cell to cell communication between bacteria 592 species [24] . Autoinducer-2 requires the genetic expression and translation of Lux-S (Fig 8) . acids of phospholipids necessary for structuring plasma membranes and for forming the initial 604 extracellular matrix. The microcolonies attach, aggregate, and accumulate in the extracellular 605 matrix. As the colonies accumulate into large populations a release of autoiducer-2 molecules is 606 triggered, causing a certain bioluminescence through an exchange of cell-to-cell quorum sensing 607 signals. The release of autoinducer-2 signals cells to increase population growth or to preempt it. 608
The gene Lux-S is needed for releasing AI-2. The excess AI-2 distributes quorum signals 609 between bacterial cells, which notifies cells of limited nutrients, surface area, or space. If 610 bacterial cells continue to accrue, more biofilm is produced within the extracellular matrix, 611 resulting in the dispersion of bacterial cells. Biofilm is a potent virulent factor. Pathogenic 612 bacteria can disperse from and cause a systemic infection through excess biofilm production. 613
